Prediction of outcome following acute variceal haemorrhage
Patients and methods
During the period 1 September 1979 to 31 October 1982, data were collected prospectively on 70 patients considered at endoscopy to have bled from varices and who were admitted on a total of 100 occasions to the University Department of Surgery, Glasgow Royal Infirmary. These patients will be referred to subsequently as Group A. Only patients who had bled within 72 h of admission to the Department were included for analysis. All patients were managed by a policy of resuscitation with oesophageal tamponade where necessary, followed by injection sclerotherapy using a modified Negus oesophagoscope under general anaesthesia4. Stapled oesophageal transection was reserved for haemorrhage which persisted despite sclerotherapy. Liver histology was obtained on all but four patients in whom a severe coagulopathy prevented biopsy or in whom post-mortem examination was refused. Admission mortality, defined as death in hospital within 30 days of admission, was 28 per cent (Table I ) .
Between 1 September 1982 and 31 January 1984, 26 patients were admitted on 35 occasions with variceal haemorrhage which was managed according to the same protocol. There were five deaths in hospital in this group of patients who will be referred to as Group B (Table I) .
Patients were assessed according to Pugh's modification' of Child's Table 1 Cause of portal hypertension and admission mortality classification' (Table 2) . Age, sex, cause and duration of liver disease, and the time since first variceal haemorrhage was recorded. The clinician (O.J.G.) involved in collection of data assessed patients for the presence of ascites and encephalopathy on admission, grading them as present or absent. The first recorded value for serum levels of bilirubin (pmol/l), alanine aminotransferase (units/]), alkaline phosphatase (units/l), urea (mmol/l), creatinine (pmol/l), total protein (g/I). albumin (g/I), prothrombin ratio, kaolin cephalin clotting ratio, thrombin ratio, haemoglobin (g/dl), white cell and platelet count were recorded. Student's t and Mann-Whitney tests for independent samples of data were used to determine the significance of differences between the group of patients who died and those who were discharged in terms of mean value for each factor. x2 analysis was used to evaluate whether categorical variables could predict outcome. Stepwise logistic regression analysis was used to minimize the number of admission factors needed for optimum separation of patients who survived from those who died. The analysis was performed using the BMDP computer package program P7M on an ICL 2988 computer'. The results are expressed as mean +s.d. for normally distributed data and median and quartile when data was not normally distributed. four patients in Group A and in both patients in Group B. Two patients died from continued variceal haemorrhage after a positive decision had been taken to withhold further treatment; the first was a mentally retarded woman with cryptogenic cirrhosis and the second an 83-year-old who had experienced multiple admissions with haematemesis attributable to continued alcohol abuse (Table 4 ). (Tables 5, 6 and 7). Stepwise logistic regression analysis showed that only prothrombin ratio (PTR), serum creatinine (CR) and the presence of encephalopathy (ENC) (in decreasing order of significance) were independent predictors of mortality. The derived regression equation allows estimation of the predicted probability of discharge. The relationship between the probability of discharge and the three predictors is given by: log(P/l -P)= 10'0-4.3 PTR-0.03 CR-0.85 ENC where the actual values of PTR and CR are entered and ENC is coded as -1 when absent aiid + 1 when present.
Results

Analysis of mortality
The relationship between individual values of P and death or discharge in Group A patients is shown in Figure l admissions (7 per cent admission mortality) when P>O.66 (low risk), and there were 20 deaths in 24 admissions (83 per cent admission mortality) when P < 0-66 (high risk). The five deaths in the low risk group are among those listed in Table 4 . In all five cases, death was not obviously related to the degree of liver failure. The outcome following acute variceal haemorrhage was correctly predicted in 90 per cent of Group A admissions using this P value of 0-66 as an arbitrary discriminant between low and high risk groups.
Group B. Using the regression equation derived from Group
A patients, the individual value of P for each of the 35 patient admissions was determined ( Figure Zb ). There were four deaths in eight admissions when Px0.66, although one of the four survivors died in liver failure within a week of discharge from hospital. All but one ofthe 24 patients with P > 0.66 survived and the one death occurred in a patient who developed a cardiac arrest 24 h following injection sclerotherapy.
Discussion
Mortality following acute variceal haemorrhage in the 100 patient admissions of Group A was 28 per cent and we have shown that nine of the 21 potential risk factors in this group had a significant association with admission mortality. Stepwise logistic regression identified prothrombin ratio, serum creatinine and the presence of encephalopathy (in decreasing order of significance) as having independent significance in predicting admission mortality. The lower admission mortality of 14 per cent in the Group B series of patients cannot be explained by any alteration in management but may relate in part to the relatively smaller proportion of Grade C patients. Analysis of outcome in this second series of patients using the derived regression equation suggests that the prediction method is soundly based although experience with more high risk patients will be required to sustain this conclusion. The total PTR, prothrombin ratio; KCCR, kaolin cephalin clotting ratio number of admissions rather than the actual number of patients has been analysed because outcome was not always the same on each admission. Although patients readmitted with variceal haemorrhage might be expected to have an improved outcome over initial admissions, univariate analysis showed that the number of previous bleeds did not have a significant effect on outcome. The present study highlights the predictive value of prothrombin ratios at admission and is in keeping with its arbitrary inclusion in Pugh's modification of Child's original classification. There is debate as to whether prothrombin time can predict outcomeafter elective portacaval shunting".' I , but a prolonged prothrombin time has been shown to have an independently significant association with admission mortality in alcoholic hepatitis". It is of course probable that the value of particular predictive factors is influenced in the same way that the results of treatment of variceal haemorrhage are influenced by the method of selection of patients and the timing of their entry to the programme of treatment13.
The present study has shown that the inclusion of serum albumin and bilirubin (or jaundice) as in Child's and Pugh's classifications does not enhance prediction in our population of patients when the severity of liver disease is assessed in the period immediately following acute variceal haemorrhage.
Although Simert and colleague^'^ have suggested that bilirubin and albumin are of value in determining early and late survival respectively following elective portacaval shunting, we have shown that there was no association between serum albumin and admission mortality and that serum bilirubin had no independent significance. Maddrey and othersL2 have shown that serum bilirubin is independently associated with admission mortality in alcoholic hepatitis. Since changes in kaolin cephalin clotting ratio closely match those of prothrombin ratio, serum creatinine has been identified by our study as the second most important predictive factor by regression analysis. Although creatinine is of value in predicting outcome following surgery for obstructive jaundiceL5, its predictive value in portal hypertension has not previously been noted. Cello and colleagues16 have claimed that Child's original classification, which included a clinical assessment of nutrition, ascites and encephalopathy, was the most important factor in determining early mortality after portacaval shunt. In the present study no attempt has been made to grade the severity of ascites and encephalopathy but we have confirmed that the presence of these two subjective clinical parameters is associated with a poor outcome. However, only encephalopathy aids prediction of outcome when prothrombin ratio and serum creatinine have been taken into consideration. The usefulness of Child's grading in predicting admission mortality has been questioned by Simert and colleague^'^. Campbell and coworkers' ' have described a scoring system to grade the severity of the five individual factors described by Child but allocation to high and low risk groups proved correct in terms of admission mortality in only 62 per cent of their total patient population.
The addition of other pre-operative parameters did not improve the predictive value of this scoring system. Attempts have been made by others to use invasive measurements as a means of predicting outcome in patients undergoing surgical decompression of the portal venous system. It has been suggested that appearances at splenoportography1s.19, portal venous pressure2', portohepatic pressure and wedged hepatic blood flow" may be of value in selection of patients and determination of outcome. However, other^^^,^^ have questioned haemodynamic selection since it has failed to improve operative mortality or long-term survival in shunted patients.
With regard to the predictive value of liver histology, Kanel and colleagues24 found no association between histological evidence of continuing alcoholic hepatitis and survival in patients with cirrhosis. On the other hand, Grendell and cow o r k e r~~~ using linear logistic regression analysis found the presence of panlobular fat taken in association with haematocrit could be used to predict outcome in 79 per cent of patients about to undergo portasystemic shunting. This two-variable combination was not improved by addition of prothrombin time. We have not used histological features to predict outcome since liver biopsy on admission may be contra-indicated in the presence of a prolonged prothrombin time.
The logistic regression equation obtained from the 100 Group A admissions has clearly identified a high and low risk group of patients based on three variables which can be readily obtained within a few hours of admission to hospital. The value of these variables has been verified in a second independent group of patients and their use in assessing outcome following variceal haemorrhage appears to have considerable advantage over Child's and Pugh's classifications. The use of such classifications is clearly of limited value in our own practice when no less than 71 per cent of our patients with variceal haemorrhage are consigned to Child's C grade when first seen.
It is our intention to continue to evaluate this method of analysis once the patient's clinical condition has stabilized following the initial bleed and to assess its predictive value within specific populations of patients since certain predictive factors may assume greater importance in patients such as those with alcoholic cirrhosis. We intend to employ this analysis in a continuing audit of patients admitted with variceal haemorrhage and it is conceivable that it may offer a useful means of selection for entry to clinical trials. It is also arguable whether it can be used to identify that group of patients whose probability of survival is so low that they should be denied active treatment.
